Sixteen new liquid scintillators, emitting green light, were studied. They are based on four solvents combined with four dopants. The inuence of dierent gas atmospheres was studied. In particular it was shown that by k eeping these liquid scintillators in vacuum or in a neutral gas, the light yield increases up to 32 % at 20 C and for the best solvent-dopant combinations. The dependance of the light yield on temperature was also studied for these scintillators. In the 20{60 C i n terval, some exhibit a light yield variation of 3 % which is smaller than that of the NE 102A plastic scintillator.
Introduction
During the last few years dierent tracking detector prototypes [1{8] based on capillaries lled with liquid scintillators (LSs) which emit light in the green region have been developed and successfully tested. These scintillators present a high light output [2, 3, 8] , a large Stokes shift which results in low self-absorbtion, a short decay time of the order of 6{8 ns [3, 8] , and a high radiation hardness of the order of 100 Mrad [4] . With these LSs the tracking devices tested provide a hit density along a minimum ionizing track of 6.5 (3) hits/mm, at a distance of 20 (150) cm from the readout system.
In the present paper, we show h o w the light yield of these LSs depends on the temperature and on the presence of dissolved gas.
Experimental method
In order to measure the light yield of various scintillators in dierent gas atmospheres and at dierent temperatures, the set-up shown in Fig. 1 was used. The LSs ( 2 c m 3 ) w ere placed in a cylindrical glass cuvette (1.6 cm in diameter), directly on the input window of a FEU-84-3 photomultiplier with a multi-alkaline photocathode. The scintillators were irradiated with a 90 Sr -source, and the output current of the photomultiplier was measured with a precison of 5 %. The emission spectrum of the scintillators and the spectral sensitivity of the photocathode were previously measured and taken into account in order to deduce the light yield from the measured photomultiplier current.
The overall error on the light yields is estimated to be 10 %. To calibrate our system the light yield emitted by a n a n thracene crystal was measured in the same experimental conditions, and used as a reference value. To c heck the entire system the light yield of a standard polystyrene scintillator containing 1.5 % of pTP and 0.01 % of POPOP was measured. This measurement w as performed with two cylindrical (1.6 cm in diameter) scintillators having a thickness of 0.5 cm and 1 cm, respectively. The measured light yield for the 0.5 cm thick sample was 45 % of the anthracene crystal, whilst for the 1 cm thick sample this was only 25 %, due to the strong self-absorbtion of the POPOP for the short wavelength emission. These results are in good agreement with the known characteristics of this polystyrene scintillator. In Fig. 2 the spectral sensitivity of the photocathode is shown, together with the emission spectra of the anthracene crystal, of the polystyrene scintillator, and of a typical green-emitting liquid scintillator we are considering. , R45, R39 and 3M-15) were studied. The concentration of dopants in solvents was 3 g/l. As regards light yield, the best LSs with a high refractive index [9] were found to be those based on 1MN and IPN solvents, as shown in Table 1 . 
Inuence of gas atmospheres on scintillation light output
With the set-up shown in Fig. 1 , the dependance of the scintillation light yield on dierent gas atmospheres, at 20 C, was measured for the LS composed of 1MN+R6. The light yield was measured as a function of time, during the operations described hereafter, and shown in Fig. 3 . The LS was rst degassed by pumping for three hours.
In this rst time interval the light yield increases by a factor of 1:27 with respect to light yield in air, at atmospheric pressure. Dierent gases are then introduced in the set-up at a pressure of 1.1 atm. In less than one hour the light yield reaches a plateau which depends on the kind of gas introduced. Finally, after ve hours from the beginning of the pumping, air at atmospheric pressure was again introduced in the setup. During this last phase the light yield drops rapidly and reaches the original value in about 24 hours. The light yield of 1MN+R6, measured in the central plateau region (Fig. 3) , is shown in Fig. 4 for dierent gases . For air and Ar the dependance of the light yield of 1MN+R6 on the gas pressure was also measured and is shown in Fig. 5 . From this curve it can be seen that for normal variations in atmospheric pressure the light yield of LSs in air can vary by a few per cent. This eect, which could be relevant in an electromagnetic or hadronic calorimeter using this LS, is strongly reduced if the LS is degassed and then kept in a neutral gas atmosphere such a s A r o r N e . F or other combinations of solvents and dopants, only the light yield in air and in vacuum were measured. These results are shown in Table 1. 3.2 Inuence of temperature on scintillation light output For some applications, such as high-energy physics calorimetry using LSs, the temperature stability of the scintillating light yield is an important factor. The dependence of the light yield of 1MN-IPN-and DIPN-based LSs, in the temperature interval between 20 C t o + 8 0 C w as measured. This interval was limited at low temperature by L S freezing, and at high temperature by L S e v aporation. The results of these measurements are shown in Figs. 6, 7 and 8, for LSs in air and in vacuum. In this temperature interval the light yield of the LSs varies between a few per cent and 30 %. In the interval between +20 and +60 C the variation of the light yield for most of the LSs is comparable or even smaller than the corresponding one for the NE 102A plastic scintillator which i s 5 % [10] . For example, for 1MN+R6 in air the light yield varies in this temperature interval by 3 % .
As a measure of the light yield stability in normal working conditions, the derivative of the light yield with respect to the temperature at T = 2 0 C is calculated. In the last column of Table 1 the values for all possible combinations of solvents and dopants are given.
The scintillation of pure solvents (1MN, IPN, DIPN and 1PN) in air and vacuum was also measured 3 . The results, as a function of the temperature, are shown in Fig. 9 . This light yield strongly decreases with increasing temperature, in the interval between 20 and +80 C, in contrast with that observed for the LSs.
Conclusions
Some properties of new LSs, emitting light in the green region were studied. Four solvents (1MN, IPN,DIPN and 1PN ) combined with four dierent dopants (R6, R45, R39 and 3M-15) were considered. The inuence of gas atmospheres on light yield was studied. In particular, it was shown that by eliminating the air dissolved in the LSs, the light yield increases up to 32 % at 20 C and for the best LSs, which are based on 1MN
and IPN solvents. Under these conditions a light yield of 60 % of that of anthracene is attained. This enhancement remains practically unchanged if the LSs are kept in a neutral atmosphere such as Ar or Ne. The dependance of the light yield on temperature was also studied for dierent solvent-dopant combinations. For some particular LSs, such as 1MN+R6, in the temperature interval 20{60 C, a light yield variation of 3 % w as found, which is smaller than that of the NE 102A plastic scintillator.
List of abbreviations used for solvents and dopants. The peak emission wavelength is reported. Light yield (a.u.) Figure 3 : Time behaviour of the light yield of 1MN+R6 scintillator at 20 C, in air at normal pressure (t < 0 h), when degassed in vacuum (0 < t < 3 h), when placed in a gas atmosphere (3 < t < 5 h), and when contact with air is restored (t > 5 h). The curves refer to Ar and Ne gas (upper curve) and to CO 2 (lower curve). The light yield in air was set to 1. Similar curves are obtained for nitrogen and freon. 
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